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(54) POSITIVE TYPE PHOTOSENSITIVE COMPOSITION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a positive type 
photosensitive composition having high sensitivity and 
resolving power to far UV f particularly ArF excimer laser 

light and also having suitability to a standard developer by V \ / } i 

incorporating a specified polymer. j£ ^ 

SOLUTION: The photosensitive composition contains a 
polymer which has structural units of formula I and/or 
formula II and is decomposed by the action of an acid, a 
compound which generates the acid when irradiated with 
active light or radiation and a solvent. In the formulae I and 
II, R1 and R2 are each H, hydroxyl, halogen, alkyl, alkoxy, an 
alkali-soluble group or an acid decomposable group, the 
alkali-soluble group is preferably a group having carboxyl 

and the acid decomposable group is, e.g. a group of the * } n 

formula -(0-R)n-COOR3 (where R is preferably 1-4C 
alkylene and R3 may be tertiary alkyl such as t-butyl or t- R| 
amyl). 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] (a) The compound which generates an acid by the exposure of the polymer which has the 
structural unit expressed with the following general formula (I) or/and (II), and is disassembled 
according to an operation of an acid, (b) activity beam of light, or a radiation, and the positive type 
photosensitivity constituent characterized by containing the (c) solvent. 
General formula (I) 
[Formula 1] 




(I) 



General formula (II) 
[Formula 2] 




(ID 

(RI and R2 show respectively the radical decomposed according to an operation of a hydrogen atom, a 
hydroxyl group, a halogen atom, the alkyl group that may have the substituent, the alkoxy group which 
may have the substituent, an alkali fusibility radical, or an acid independently among a formula (I) and 
(H).) 

[Claim 2] The positive type photosensitivity constituent according to claim 1 characterized by including 
the with a molecular weight of 1000 or less low-molecular acidolysis nature dissolution suppression 
compound to which it has the radical which may be decomposed according to an operation of an acid, 
and alkali solubility increases according to an operation of an acid. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
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l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s h ows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to manufacture of the circuit boards, such as semi- 
conductor production processes, such as IC, liquid crystal, and a thermal head, and the positive type 
photosensitivity constituent further used for other photofabrication processes. Furthermore, it is related 
with the positive type photosensitivity constituent which can be used suitable for micro processing of the 
semiconductor device especially using an ArF excimer laser about the positive type photosensitivity 
constituent used in detail suitable for micro processing of the semiconductor device using the light 
energy line of short wavelength, such as far ultraviolet rays, an X-ray, and an electron ray. 
[0002] 

[Description of the Prior Art] In recent years, while, as for a semiconductor integrated circuit, LSI and 
VLSI are put in practical use by high integration progressing, the minimum pattern width of face of an 
integrated circuit reaches the field of a subhalf micron, and detailed-ization is progressing further. 
Therefore, the demand to the photolithography technique for detailed pattern formation is still severer. 
As one of the means which attains detailed-ization of a pattern, short wavelength-ization of the exposure 
light used in the case of the pattern formation of a resist is known. 

[0003] For example, i line (365nm) of a high pressure mercury vapor lamp has been used for 
manufacture of DRAM of the degree of integration to 64M bit as the light source to current. The light 
source of short wavelength is examined more for the purpose of manufacture of DRAM which it 
changes to i line, and a KrF excimer laser (248nm) is put in practical use as the exposure light source by 
the mass-production process of 256 M bit DRAM, and also has a degree of integration beyond 1G bit in 
it. As the light source of such short wavelength, it is an ArF excimer laser (193nm) and F2. It is thought 
that use of an excimer laser (157nm), an X-ray, and an electron ray is effective (the Ueno ****, "micro 
processing towards short wavelength photoresist ingredient-ULSI -", the **** exudation version, 1988). 
[0004] Especially an ArF excimer laser is positioned as a next-generation exposure technique, and 
development of the resist excellent in the high sensitivity for ArF excimer laser exposure, high resolving 
power, and dry etching resistance is desired. In order to acquire high dry etching resistance as the 
conventional i line and a resist ingredient for KrF excimer laser exposure, the resist containing an 
aromatic series polymer is used widely, for example, the novolak resin system resist or the chemistry 
magnification mold resist of a polyvinyl phenol system is known. However, the ring introduced in order 
to give dry etching resistance is difficult to expose even at the pars basilaris ossis occipitalis of the resist 
film, in order to hardly let light pass in the wavelength region of ArF excimer laser light, and a pattern 
with a good cross-section configuration was not obtained in the conventional resist. 
[0005] It is known that what is necessary is just to use the aliphatic series polymer which does not 
contain a ring at all, for example, polymethylmethacrylate, as one of the solutions of the trouble of the 
transparency of a resist (9 J. Vac.Sci.Technol., B 3357 (1991)). However, such a polymer is unusable 
from the ability of sufficient dry etching resistance not to be desired. Thus, let it be the biggest technical 
problem to reconcile improvement in transparency, and high dry etching resistance in development of 
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the resist ingredient for ArF excimer laser exposure. Then, it is Proc.SPIE, and 1672 and 66 (1992) that 
the dry etching-proof resistance as an aromatic series radical with the same resist which contains an 
alicyclic hydrocarbon radical instead of a ring is shown with 193nm small absorption. It is reported and 
use of this polymer came to be studied energetically in recent years. 

[0006] The attempt which applies the polymer containing an alicyclic hydrocarbon radical to a resist 
originally is made for many years, the polymer of a norbornene system is indicated by JP,60-195542,A, 
JP,1-217453,A, and JP,2-59751,A, and the alkali fusibility resin which has an annular aliphatic 
hydrocarbon'frame and a maleic-anhydride unit is variously indicated by JP,2- 146045, A. Furthermore, 

the copol ymer of acrylic-acid system ester protected by norbornene and theacidolysis radicals 

^d!c!teTbyJP75-8^ 



copolymer which has an adamantane frame in a side chain is indicated. In JP,7-252324,A and JP,9- 
221526,A The aliphatic series cyclic hydrocarbon radical of the carbon numbers 7-12 which have an 
owner pons cyclic hydrocarbon radical The compound connected with the side chain of a polymer, for 
example, a tricyclo [5, 2, 1, 02, 6] Deccan dimethylene radical, Tricyclo [5, 2, 1 and 02, and 6] A 
Deccan diyl radical, a norbornane diyl radical, A norbornane dimethyl radical and an adamantane diyl 
radical are indicated. To JP,7- 199467, A A tricyclo deca nil radical, The compound which the 
JISHIKURO pentenyl radical, the JISHIKURO pentenyl oxy-ethyl group, the norbornyl group, and the 
cyclohexyl radical connected with the side chain of a polymer is indicated, respectively. 
[0007] Furthermore, the polymer which has a cyclohexane and an isobornyl frame in a principal chain is 
indicated by JP,9-325498,A, further, the polymer which introduced various annular olefins, such as a 
JISHIKURO olefin, into the principal chain is indicated by JP,9-230595,A, JP,9-244247,A, JP,10- 
10739,A, WO 97-33198, and EP794458 and EP No. 789278, and it is indicated at JP,8-82925,A and 
JP,9-230597,A that the compound which has a menthyl radical or a menthyl derivative radical among 
terpenoid frames is desirable. However, since a system becomes very in canal as evil of alicyclic 
hydrocarbon part installation, the development in the tetramethylammonium hydroxide (henceforth, 
TMAH) water solution broadly used as a developer of a resist becomes difficult conventionally, or the 
phenomenon of a resist separating from a substrate in development is seen. 

[0008] Since it corresponds to hydrophobing of such a resist, although examination of mixing organic 
solvents, such as isopropyl alcohol, with a developer is made and a temporary result is seen, it cannot 
necessarily be referred to as that the problem was solved that concern and the process of the swelling of 
the resist film become complicated etc. Many measures of compensating a canal alicyclic hydrocarbon 
part with approach called amelioration of the resist itself by installation of a hydrophilic radical are also 

[0009] Although correspondence of generally carrying out copolymerization of the monomer which has 
a carboxylic-acid part called an acrylic acid and a methacrylic acid to the monomer which has an 
alicyclic hydrocarbon radical has been taken, in the direction whose substrate adhesion improves with 
installation of a carboxylic acid, the dry etching resistance of a certain thing deteriorates, and there are 
many problems of ****** of a resist becoming remarkable further, and they have not resulted in 
solution of the above-mentioned technical problem. Furthermore, by carrying out copolymerization of 
the monomer which has a hydroxyl group and a cyano group in intramolecular instead of a carboxylic- 
acid radical like HEMA or acrylonitrile to the monomer which has an alicyclic hydrocarbon radical, if it 
is in JP,7-23451 1,A, although solution of development nature was aimed at, it is inadequate and solution 

is not nursed at all. . 
[0010] moreover -- recently -- J.Photopolym.Sci., Tech., Vol.9, 509 (1996), J.Photopolym.Sci., Tech., 
Vol.10, and 545 (1997) The substrate adhesion improvement which paid its attention to lactone 
structures, such as mevalonic lactone, is considered as indicated. However, because of development 
nature reservation, needing the overcoat layer which makes a process complicated etc. has inadequate 
development nature, and its field of substrate adhesion is also still more inadequate. Moreover, although 
examination of a monomer which has a carboxylic-acid radical and an alicyclic hydrocarbon part at 
coincidence is made by intramolecular and amelioration of dry etching resistance, and development 
nature and substrate adhesion is achieved in JP,8-289626,A, it has run against technical problems 
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originating in developer solubility being extremely high, such as lack of substrate adhesion and standard 
developer fitness. 

[001 1] Similarly, the polymer which has the cyclohexane frame or isobornyl frame which introduced 
acid substituents, such as a carboxylic-acid radical or a sulfonic group, into the side chain at JP,9- 
325498,A in a principal chain is examined, and although amelioration of development nature was made, 
it is not given to still satisfying level about adhesion with a substrate. Moreover, although amelioration 
by carrying out copolymerization of the alicyclic hydrocarbon monomer which has J.Photopolym.Sci., 
Tech., and an alcoholic hydroxyl group that is indicated by Vol.10,561 (1997) is achieved, still 

s atisfying level is not reached. 

~[00T2]~FuftHemT^ 

J.Photopolym.Sci., Tech., Vol.10, 521 (1997)) which introduced the hydroxyl group into the norbornene 
polymer principal chain from a viewpoint of substrate adhesion grant was also made, development 
nature and substrate adhesion are not acquired by the satisfying result. Thus, while having high 
transparency to the deep ultraviolet of ArF excimer laser light, the photosensitive constituent which was 
equipped with high dry etching resistance, and dissolved in homogeneity to the alkali developer, and 
was excellent in adhesion with a substrate was not yet obtained. 



[The technical problem which this invention makes solution ******] The technical problem of this 
invention is to offer the positive type photosensitivity constituent equipped with the standard developer 
(2.38%TMAH water solution) fitness which can form the resist pattern with which the exfoliation from 
a substrate does not take place while being made in view of the trouble mentioned above, having high 
sensibility and resolving power to deep ultraviolet, especially ArF excimer laser light and a resist 
profile's being excellent. 



[Means for Solving the Problem] As a result of examining wholeheartedly the component of a positive 
type chemistry multiplier system resist constituent, with the combination of the polymer which includes 
specific structure as a structural unit, and a photo-oxide generating agent, this invention person etc. 
knew that the purpose would be attained and resulted in this invention. That is, this invention is attained 
by the approach of the following configuration. 

(1) The compound which generates an acid by the exposure of the polymer which has the structural unit 
expressed with the (a) following general formula (I) or/and (II), and is disassembled according to an 
operation of an acid, (b) activity beam of light, or a radiation, and the positive type photosensitivity 
constituent characterized by containing the (c) solvent. 
[00 1 5] General formula (I) 
[Formula 3] 



[0017] (Rl and R2 show respectively the radical decomposed according to an operation of a hydrogen 
atom, a hydroxyl group, a halogen atom, the alkyl group that may have the substituent, the alkoxy group 



[0013] 



[0014] 





[0016] General formula (II) 
[Formula 4] 
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which may have the substituent, an alkali fusibility radical, or an acid independently among a formula 

(1) and(n).) 

(2) A positive type photosensitivity constituent given in (1) characterized by including the with a 
molecular weight of 1000 or less low-molecular acidolysis nature dissolution suppression compound to 
which it has the radical which may be decomposed according to an operation of an acid, and alkali 
solubility increases according to an operation of an acid. 

[0018] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained to a 
detail. The above-mentioned general formula (I) and Rl of (II) And R2 As a halogen atom which can be 

sefnfi^^irablelna^fluonne, chlorine, a bromine, and iodine, andlTchlorine atom is more desirable 

also in it. Rl and R2 As an alkyl group which can be set, the shape of a straight chain, the letter of 
branching, or an annular alkyl group is mentioned. Here, as the shape of a straight chain, and a letter 
alkyl group of branching, from a carbon number 1, the ten shape of a straight chain and the letter alkyl 
group of branching are desirable, and are a methyl group, an ethyl group, a propyl group, an isopropyl 
group, n-butyl, an isobutyl radical, sec-butyl, and t-butyl more preferably. As an annular alkyl group, a 
cyclo propyl group, a cyclopentylic group, a cyclohexyl radical, an adamanthyl radical, a 2-methyl-2- 
adamanthyl radical, a norbornyl radical, a BORONIRU radical, an isoboronyl radical, a tricyclo deca nil 
radical, a JISHIKURO pentenyl radical, a menthyl radical, an iso menthyl radical, a neomenthyl radical, 
a tetracyclo dodecanyl radical, etc. can be raised. As an alkoxy group, the shape of a straight chain and 
the letter alkoxy groups of branching, such as a methoxy group, an ethoxy radical, a propoxy group, a 
butoxy radical, a pentyloxy radical, a hexyloxy radical, and a heptyloxy radical, are desirable. The 
above-mentioned alkyl group and the alkoxy group may have the substituent further. As this further 
substituent, a halogen atom, a hydroxyl group, a carboxyl group, a carbonyl group, the amino group, a 
nitrile group, an ester group, a nitro group, etc. are mentioned. 

[0019] It is the radical which the radical which has a carboxyl group, a phenolic hydroxyl group, an 
activity methylene group, sulfonamide radicals, or these radicals is raised as an alkali fusibility radical, 
and has a carboxyl group preferably. 

[0020] An acidolysis nature machine (it is also called an acid instability radical) means the radical 
decomposed according to an operation of an acid. Specifically as an acidolysis nature machine, the 
radical shown by the degree type general formula (III) or the general formula (IV) is raised. 
General formula (III) 

- 0-Rn-COOR3 general-formula (IV)-0-C(=0)-(Ro)m-COOR3 [0021] here - R3 ****** - alkoxy 
methyl groups, such as 1 -alkoxy ethyl groups, such as the 3rd class alkyl groups, such as t-butyl and t- 
amyl group, an isoboronyl radical, 1-ethoxyethyl radical, a 1 -butoxy ethyl group, a 1-iso butoxy ethyl 
group, and 1-cyclohexyloxy ethyl group, 1-methoxymethyl radical, and a 1 -ethoxy methyl group, a 
tetrahydro villa nil radical, a tetrahydrofuranyl radical, etc. can be raised. The alkylene group of R from 
a carbon number 1 to four pieces is desirable, and methylene is shown more preferably. Ro expresses a 
methylene group, n expresses 0 or 1 and m expresses the integer of 1-6. 

[0022] The above acidolysis nature machines may exist in the general formula (I) and/or general 
formula (II) in the polymer in this invention, and may be contained in other copolymerization 
components. The monomer which has the vinyl system polymerization nature machine which can be 
copolymerized as other copolymerization components is mentioned. As for an acidolysis nature 
machine, in this invention, it is desirable to exist in a general formula (I) and/or a general formula (II). 
Although the polymer of the structure which more specifically shows the polymer in above-mentioned 
this invention below is shown, this invention is not limited to these. 
[0023] 
[Formula 5] 
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/ OCH 2 COOtBu 
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6 

Cf OCH 2 COOtBu 

[0024] 
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0 - C — (CH 2 ) 4 - COO-t-Bu 



0 

[0026] The polymer which has the structural unit which can be expressed with the above-mentioned 
general formula (I) in above-mentioned this invention can be obtained by photopolymerizing in a 
solvent 1 and 5-hexadiene derivative which corresponds, for example. The polymerization reaction 
performed in a solvent can be carried out by UV light exposure in organic solvents, such as toluene, 
under existence of the photopolymerization initiator of Irgacure 184 (product made from Ciba-Geigy) 
etc. The polymer which has the structural unit which can be similarly expressed with the above- 
mentioned general formula (II) in this invention is compoundable from corresponding 1 and 6- 
heptadiene derivative. For example, Alan William Hall and others advocates and it is Macromol. Rapid 
Commun. 17 It is ****** to compound using the approach currently indicated to 417-425 (1996) etc. 
When an acidolysis nature machine is beforehand introduced into a raw material monomer, it is 
desirable to process and refine the generated polymer, an unreacted monomer component, a solvent, etc. 
by vacuum distillation, the reprecipitating method, etc. after a predetermined time reaction. The example 
of the structure of above [ as a monomer ] 1, 5-hexadiene derivative and 1, and 6-heptadiene derivative 
is shown below. 
[0027] 
[Formula 8] 
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[0028] 
[Formula 9] 
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[0029] Thus, the obtained polymer is the gel permeation chromatography which attached the refractive- 
index detector, measures the holding time as compared with the polystyrene of molecular-weight 
known, and calculates weight average molecular weight, the polymer used with the constituent of this 
invention has weight average molecular weight in the range of 1500 to 100,000 ~ desirable ~ further — 
desirable - the range of 2,000 to 70,000 - it is the range of 3,000 to 50,000 especially preferably. Since 
it becomes the inclination for weight average molecular weight to become insufficient [ less than 1,500 / 
dry etching-proof nature, thermal resistance, and adhesion with a substrate ], and it will become resist 
sensibility or the inclination to fall if 100,000 is exceeded, it is not desirable, moreover, degree of 
dispersion (Mw/Mn) - desirable 1.0-6.0 - it is 1.0-4.0 more preferably, and thermal resistance and 
image engine performance (a resist profile, defocusing latitude, etc.) become good, so that it becomes a 
small numeric value. 

[0030] The cyclohexane frame which has a carboxylic-acid radical is introduced into a principal chain, 
and the polymer with which the annular aliphatic hydrocarbon frame was combined by single bond is 
indicated by JP,9-325498,A. Moreover, JP,9-244247,A and EP-0789278 After carrying out ring opening 
polymerization of the norbornene substitution product, the resin obtained by making a hydrogenation 
reaction perform is indicated by the number. 

[0031] However, in addition, these resin was insufficient about adhesion with a substrate, although 
amelioration of development nature was made. On the other hand, although the constituent of excel [ it / 
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for what kind of reason / specifically / in development nature and adhesion ] of this invention is not 
clear, it is thought that the polymer used for the constituent of this invention was discovered according 
to the description resulting from having a basic structural unit of the cyclopentane ring of specific 
structure in a principal chain. 

[0032] It is the range which does not spoil remarkably the transparency and dry etching-proof nature 
220nm or less of this resin, and copolymerization of the polymerization nature monomer of further 
others may be carried out in order to raise the engine performance of the resin of this invention. What is 
shown below as a copolymerization monomer which can be used is mentioned. For example, there are 
aci d anhydrides, such as a compound which has one addition polym erization n ature u nsaturated bond 
cho^e^f^^ ~ 
methacrylamide, an allyl compound, vinyl ether, vinyl ester, styrene, and crotonic-acid ester, and a 
maleic anhydride, maleimide, acrylonitrile, a methacrylonitrile, etc. In addition, all can be used if it is 
generally the addition polymerization unsaturated compound which can be copolymerized. 
[0033] As a monomer which can be copolymerized, as an example of acrylic ester and methacrylic ester 
A carbon number For example, the alkyl acrylate of 1-8, a methyl acrylate, An ethyl acrylate, acrylic- 
acid propyl, acrylic-acid t-butyl, acrylic-acid amyl, Acrylic-acid cyclohexyl, 2-hydroxyethyl acrylate, 
phenyl acrylate, A methyl methacrylate, metallyl acid ethyl, methacrylic-acid propyl, t-butyl 
methacrylate, Methacrylic-acid amyl, cyclohexyl methacrylate, methacrylic-acid adamanthyl, 
Methacrylic-acid 2-hydroxyethyl, methacrylic-acid phenyl, methacrylic-acid naphthyl, Acrylic-acid 
tricyclo deca nil, acrylic-acid tricyclo DESHIRU, methacrylic-acid tetrahydropyranyl, Methacrylic-acid 
ethoxyethyl, methacrylic-acid butoxy ethyl, methacrylic-acid methoxy propyl, Cyclohexyl methacrylate 
ethyl, methacrylic-acid adamantyloxy ethoxyethyl, Methacrylic-acid adamanthyl carbonyloxy 
ethoxyethyl, methacrylic-acid 1 -P ARAMENCHIRU, methacrylic-acid 3-oxocyclohexyl, methacrylic- 
acid menthyl, etc. are mentioned. 

[0034] Moreover, as a concrete example of acrylamide and methacrylamide, N,N-dimethylacrylamide, 
N, and N-diethyl acrylamide, N-methyl-N-phenyl acrylamide, N-hydroxyethyl-N-methylacrylamide, N, 
and N-dimethyl methacrylamide, N, and N-diethyl methacrylamide, N-methyl-N-phenyl 
methacrylamide, N-hydroxyethyl-N-ethyl methacrylamide, N-cyclohexyl maleimide, etc. are mentioned. 

[0035] As an example of an allyl compound, allyl ester, such as an acetic-acid allyl compound, an 
acetoacetic-acid allyl compound, a lactic-acid allyl compound, and allyl benzoate, is mentioned. As an 
example of vinyl ether, vinyl aryl ether, such as alkyl vinyl ether, such as ethylhexyl vinyl ether, 
methoxy ethyl vinyl ether, ethoxyethyl vinyl ether, and hydroxyethyl vinyl ether, vinyl phenyl ether, and 
the vinyl naphthyl ether, vinyl butyrate, vinyl iso butyrate, vinyl BARETO, vinyl methoxy acetate, vinyl 
lactate, benzoic-acid vinyl, salicylic-acid vinyl, naphthoic-acid vinyl, etc. can be mentioned. 
[0036] As an example of styrene, styrene, p-hydroxystyrene, carboxy styrene, methyl styrene, methoxy 
styrene, and acetoxy styrene are mentioned. As an example of crotonic-acid ester, crotonic-acid butyl, 
crotonic-acid hexyl, etc. can be mentioned. In addition, as an example of the addition polymerization 
unsaturated compound which can be copolymerized, alicyclic hydrocarbon compounds, such as 
norbornene, 1, 5-dimethyl 1, 5-cyclo-octadiene, 5, 6-dihydrodicyclopentadiene, 1, and 5-OKUTA diene, 
and these derivatives are mentioned. 

[0037] the content of the repeat unit shown by the general formula (I) and the general formula (II) 
among the polymer in this invention - the inside of the repeat unit of all monomers - more than 10 mol 
% - desirable - more - desirable - more than 20 mol % - it is more than 30 mol % still more 
preferably, the content of the repeat unit which has an acidolysis nature machine among the polymer in 
this invention - the inside of the repeat unit of all monomers ~ more than 5 mol % - desirable - more - 
- desirable - more than 10 mol % - it is more than 15 mol % still more preferably. Among the polymer 
in this invention, among the repeat unit of all monomers, as for the content of other copolymerization 
components, less than [ 50 mol % ] is desirable, and it is less than [ 30 mol % ] preferably [ it is more 
desirable and ] to a 40 mol % less or equal and a pan. 

[0038] It sets to this invention and is the photosensitive constituent (except for a solvent) of the above- 
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mentioned polymer. As an inner addition, it is 70 - 99 % of the weight preferably 50 to 99.7% of the 
weight to total solids. 

[0039] Next, the photo-oxide generating agent in the positive type photosensitivity constituent of this 
invention is explained. As an example of the compound which decomposes by the exposure of the 
activity beam of light or radiation used by this invention, and generates an acid, it is the micro 
photoresist which generates an acid by the photoinitiator of optical cationic polymerization, the 
photoinitiator of an optical radical polymerization, the optical decolorizing agent of coloring matter, 
optical alterant or ultraviolet rays, far ultraviolet rays, KrF excimer laser light, ArF excimer laser light, 

the electron ray, the X-ray, the molecular beam, or the ion beam, an d w ell-known photo-oxide 

generatingagents andThose mixture can be usedTchoosinfthem suitably. 

[0040] A thing desirable to the use in this invention may be a photo-oxide generating agent which 
generates an acid with light with a wavelength of 220nm or less, and in addition, as long as mixture with 
the above-mentioned polymer of this invention dissolves in an organic solvent enough, what kind of 
photo-oxide generating agent is [ among these ] sufficient as it. Moreover, independence or two sorts or 
more may be mixed and used, or may be used combining a suitable sensitizer. As an example of an 
usable photo-oxide generating agent, it is J., for example. Org. Chem. Vol.43 N 0.15 A 
triphenylsulfonium salt derivative given in 3055 (1978), and other onium salts of a Japanese Patent 
Application No. [ No. 279071 / nine to ] publication (sulfonium salt, iodonium salt, phosphonium salt, 
diazonium salt, ammonium salt) It can use. 

[0041] As an example of an onium salt, diphenyliodonium triflate, Diphenyliodonium pyrene sulfonate, 
diphenyliodonium, Dodecylbenzene sulfonate, triphenylsulfonium triflate, Triphenylsulfonium 
hexafluoroantimonate, diphenyliodonium hexafluoroantimonate, Triphenylsulfonium naphthalene 
sulfonate, triphenylsulfonium camphor sulfonium, (4-methoxypheny) Phenyliodonium trifluoromethane 
sulfonate, screw (t-buthylphenyl) iodonium trifluoromethane sulfonate, etc. can be mentioned. 
[0042] Moreover, the imino sulfonate which has a publication in diazo disulfon given in JP,3-103854,A, 
JP,3-103856,A, and JP,4-1210960,A, diazo keto sulfones, JP,64-18143,A, and JP,2-245756,A, and 
disulfon given in JP,2-71270,A can be used suitably. Furthermore, the compound which introduced into 
the principal chain or side chain of a polymer the radical which generates an acid by the light of a 
publication inUSPNo. 3849137, JP,63-26653,A, JP,62-69263,A, JP,63-146038,A, JP,63-163452,A, 
JP,62-153853,A, JP,63-146029,A, etc. can be used similarly. 

[0043] Furthermore, the sulfonium salt of a publication etc. can be suitably used for J.Photopolym.Sci., 
Tech., Vol.7, and No.3,423 (1994), it is one sort or these photo-oxide generating agents can be suitably 
used for the aliphatic series alkyl sulfonium salt which have the 2-oxocyclohexyl radical of a publication 
in JP,7-25846,A, JP,7-28237,A, JP,7-92675,A, and JP,8-27120,A and N-hydroxysuccinimide sulfonate, 
and a pan in two or more sorts of combination. 

[0044] The addition of the compound which decomposes by the exposure of the activity beam of light or 
radiation mentioned variously above, and generates an acid is the total weight (except for a spreading 
solvent) of a photosensitive constituent. It considers as criteria, is usually 0.001 - 40% of the weight of 
the range, and is 0.1 - 5% of the weight of the range still more preferably 0.01 to 20% of the weight 
preferably. When there are few additions of a photo-oxide generating agent than 0.001 % of the weight, 
sensibility becomes low, when an addition exceeds 40 % of the weight on the contrary, the light 
absorption of a resist becomes high too much, and it is degradation and the process (especially BEKU) 
of a profile. Since a margin becomes narrow, it is not desirable. 

[0045] It is desirable to make the positive type photosensitivity constituent of this invention contain the 
with a molecular weight of 1000 or less low-molecular acidolysis nature dissolution suppression 
compound to which it has the radical which may be decomposed according to an operation of an acid, 
and alkali solubility increases according to an operation of an acid. In order to raise the dissolution rate 
ratio to the alkali in the unexposed section and the exposure section and to acquire high resolution, 
addition of the compound to which alkali solubility increases according to an operation of the above- 
mentioned acid is effective. That to which neither the permeability over light with a wavelength of 
220nm or less, nor dry etching-proof nature and thermal resistance are reduced as a low-molecular 
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acidolysis nature dissolution suppression compound used by this invention is desirable. As these 
compounds, they are Proc.SPIE, 2724, 355 (1996) and JP,8-15865,A, and US5310619, for example. A 
number and US5372912 A thing like an alicyclic compound like the cholic acid derivative containing an 
acidolysis nature machine which is indicated by the number, a dehydrocholic acid derivative, a 
deoxycholic acid derivative, a lithocholic acid derivative, a ursocholic-acid derivative, and the abietic- 
acid derivative protected with the acidolysis nature machine can also be used preferably again. 
Moreover, a low-molecular acidolysis nature lysis inhibition compound given in JP,6-51519,A can also 
be used in the addition range of the level which does not worsen the permeability of 220nm, and the 1,2- 

naphthoq uinone JIAJITO compound can also be used. 

"[gd^ofW henusing an aci dolpisliaturrlysis^^ 

this invention, the addition is the total weight (except for a spreading solvent) of a photosensitive 
constituent. It considers as criteria, is usually used in 1 - 50% of the weight of the range, and is 
preferably used in 5 - 30% of the weight of the range still more preferably three to 40% of the weight. 
[0047] The positive type photosensitivity constituent of this invention can also be made to contain an 
organic base nature compound, the compound which promotes the solubility over a developer if needed. 
As a desirable organic base nature compound which can be used by this invention, a compound with 
strong basicity is mentioned and a nitrogen-containing basicity compound is more more desirable than a 
phenol especially. An organic base nature compound is added in order to mainly call it the stability of an 
acid supplement agent or a resist with the passage of time, and the adhesion progression in quality. For 
example, these organic base nature compounds are mentioned to JP,63-149640,A, JP,5-249662,A, JP,6- 
242605,A, JP,6-242606,A, JP,6-266100,A, JP,7- 120929, A, JP,9-274312,A, and Patent Publication 
Heisei No. 508840 [ seven to ], and what is not evaporated or sublimated is suitably used for them. 
[0048] In these organic base nature compound, 1, 5-diazabicyclo [4, 3, 0]-5-nonene, 1, 8-diazabicyclo 
[5, 4, 0]-7-undecene, 1, and 4-diazabicyclo [2, 2, 2] octane, 4-dimethylaminopyridine, 1-naphthylamine, 
N-methyl formamide, a piperidine, a hexamethylenetetramine, and imidazole derivatives are used 
especially suitably. Moreover, inner salt, such as the basic ammonium salt and the sulfonium salt of a 
publication, or a betaine, can also be used for JP,6-242606,A, IP,6-242605,A, JP,8-1 10635,A, etc. 
[0049] In these, a pyridinium p-toluene sulfonate, 2 and 4, a 6-trimethyl pyridinium p-toluene sulfonate, 
a tetramethylammonium p-toluene sulfonate, tetrabutylammonium lactate, etc. are used especially 
suitably. These nitrogen-containing basicity compounds are independent, or are used in two or more 
sorts of combination, the amount of the nitrogen-containing basicity compound used ~ the 
photosensitive constituent (except for solvent) 100 weight section ~ receiving ~ usually ~ 0.001 - 10 
weight section - it is 0.01 - 5 weight section preferably. The addition effectiveness of the above- 
mentioned nitrogen-containing basicity compound is not acquired under in the 0.001 weight section. On 
the other hand, when 10 weight sections are exceeded, there is an inclination for the development nature 
of the fall of sensibility or a non-exposed area to get worse remarkably. 

[0050] As an example of the auxilytic compound to the developer which can be used by this invention 
For example, naphthols containing two or more phenolic hydroxyl groups given in JP,3-206458,A, such 
as a compound and 1-naphthol Or JP,3-179355,A, JP,5-181279,A, JP,9-6001,A, JP,9-274318,A and 
US5374500 A number and DE42 14363 The compound which has one or more carboxyl groups given in 
a number, A with a molecular weight [ of a carboxylic anhydride, a sulfonamide compound given in 
Japanese Patent Application No. No. 279071 / nine to /, a sulfonylimide compound, etc. ] of 1000 or less 
low molecular weight compound etc. can be mentioned. The auxilytic compound which does not worsen 
the permeability over light with a wavelength of 220nm is [ among these ] desirable, for example, the 
steroids, the norsteroids, and terpenoids are desirable, and an adamantane carboxylic acid, cholic acid, a 
NORUKORAN acid, an abietic acid, and agathendicarboxylic acid are especially desirable. 
[0051] In the positive type photosensitivity constituent of this invention, an antihalation agent, a 
plasticizer, a surfactant, a photosensitizer, an adhesion assistant, a cross linking agent, an optical base 
generating agent, etc. can be contained further if needed, the compound which absorbs the radiation to 
irradiate efficiently as a suitable antihalation agent - desirable - a fluorene and 9-full - me ~ 
permutation benzens [ like non and a benzophenone ], anthracene, and anthracene-9- Methanol and 
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anthracene-9- A polycyclic aromatic compound like carboxy ethyl, a phenanthrene, perylene, and Aji 
Wren etc. is mentioned, and especially a polycyclic aromatic compound is [ among these ] desirable. 
[0052] These antihalation agents reduce the reflected light from a substrate, are lessening effect of the 
multiple echo in the resist film, and discover the effectiveness of standing wave amelioration. Since the 
acid incidence rate by exposure is raised, a photosensitizer which is listed below can be added. As a 
suitable photosensitizer, although it is specifically a benzophenone, p-p' 

tetramethyldiaminobenzophenone, 2-chloro thioxan ton, an anthrone, a 9-ethoxy anthracene, a pyrene, 
phenothiazin, benzyl, a benzoflavin, an acetophenone, a phenanthrene, a benzoquinone, anthraquinone, 

1,2-naphthoquinone, et c., it is not limited to these. These photosensitizers are usable also as said 

antihalafion agent. - - - . - " ~ ' 

[0053] The photosensitive constituent of this invention can improve spreading nature, or can add the 
surfactant following for the purpose which improves development nature. As an example of such a 
surface active agent, for example The polyoxyethylene lauryl ether, Polyoxyethylene stearylether, 
polyoxyethylene octyl phenyl ether, The polyoxyethylene nonylphenyl ether, a polyethylene-glycol 
JIRAU rate, Polyethylene-glycol distearate, polyoxyethylenesorbitan monostearate, the Nonion system 
surfactants, such as sorbitan monolaurate, and EFUTOPPU EF301 and EF303 (new Akita - Formation 
[ ] - make) Fluorad FC430,431 (product made from Sumitomo 3M ) The megger fucks F171, F173, and 
F 176 and F177P (product made from Dainippon Ink ) Sir chlorofluocarbon S-382 and SCs 101, 102, and 
103,104,105,106 (product made from Asahi Glass Co., Ltd. ) etc. -- a fluorine system surfactant and 
polysiloxane polymer KP-341 (product made from Shin-Etsu Chemical Co., Ltd. ) etc. - it can mention. 

[0054] The loadings of these surfactants are usually preferably added at a rate below 1 weight section 
below 2 weight sections per solid content 100 weight section in the constituent of this invention. These 
surfactants may be used independently and can also be added in two or more combination. The positive 
type photosensitivity constituent of this invention can be made to contain a plasticizer, an adhesion 
assistant, a cross linking agent, an optical base generating agent, a defoaming agent, etc. further if 
needed. 

[0055] The photosensitive constituent of this invention is usually prepared as a solution by filtering with 
the filter of 0.05 micrometers - about 0.2 micrometers of apertures, after dissolving in the solvent (c) 
which can dissolve each above-mentioned component. As a solvent (c) used here, for example Ethylene 
glycol monoethyl ether acetate, A cyclohexanone, 2-heptanone, propylene glycol monomethyl ether, 
Propylene-glycol-monomethyl-ether acetate, propylene-glycol-monomethyl-ether propionate, Propylene 
glycol monoethyl ether acetate, 3-methoxy methyl propionate, 3-ethoxy ethyl propionate, beta-methoxy 
isobutyric-acid methyl, ethyl butylate, Butanoic acid propyl, methyl isobutyl ketone, ethyl acetate, 
isoamyl acetate, Ethyl lactate, toluene, xylene, cyclohexyl acetate, diacetone alcohol, N-methyl 
pyrrolidone, N.N-dimethylformamide, gamma-butyrolactone, N, and N-JICHIRU acetamide etc. is 
mentioned. 

[0056] these solvents are independent - or it is mixed and used. Moreover, since the solubility over said 
constituent, the spreading nature to a substrate, preservation stability, etc. are influenced, it is important, 
and the moisture contained in a solvent also influences these engine performance, and the fewer possible 
one of selection of these solvents is more desirable [ moisture ]. Furthermore, the photosensitive 
constituent of this invention produces [ face manufacturing a semiconductor device and ] a malfunction, 
a defect, and a yield fall and is not desirable if impurity components, such as metal impurities, such as 
metal, and KURORU ion, are intermingled. For this reason, it is desirable to reduce the mixture 
concentration of these impurity components to 100 or less ppb. 

[0057] It is prebaking (front [ exposure ] heating) after spreading by suitable spreading means, such as a 
spinner and a coating machine, on a substrate about the above-mentioned photosensitive constituent 
prepared by fulfilling conditions variously. It carries out, exposes with exposure light with a wavelength 
of 220nm or less through a predetermined mask, and is PEB (after [ exposure ] BEKU). A good resist 
pattern can be obtained by developing negatives by carrying out. A silicon substrate, a glass substrate, a 
nonmagnetic ceramic substrate, etc. are mentioned that what is necessary is just the substrate usually 
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used in the manufacturing installation of a semiconductor device and others as a substrate used here. 
[0058] Moreover, an additional layer, for example, a silicon oxide layer, the metal layer for wiring, an 
interlayer insulation film, a magnetic film, an antireflection film layer, etc. may exist if needed further 
on these substrates, and various kinds of wiring, a circuit, etc. are made. In order to raise the adhesion of 
the resist film, hydrophobing processing of these substrates may be carried out further again according 
to the conventional method. As a suitable hydrophobing processing agent, 1, 1, 1, 3, 3, and 3- 
hexamethyldisilazane (HMDS) etc. is mentioned, for example. 

[0059] The resist thickness applied on a substrate has the desirable range of about 0.1 micrometers - 10 
micrometers, and when it is ArF exposure, 0.1 micrometers - 1.5 micrometer thickness is recommended. 

""""T^fi^h^ 

temperature of about 60-160 degrees C. The temperature of prebaking is low, and since the evil of time 
amount of the residual solvent in the short ******** res j st increasing relatively, and adhesion 
deteriorating is produced, it is not desirable. Moreover, the temperature of prebaking is conversely high, 
and if time amount excels, since the evil of constituents, such as a binder of a photosensitive constituent 
and a photo-oxide generating agent, decomposing arises, similarly it is not desirable. 
[0060] As equipment which exposes the resist film after prebaking, it is a commercial ultraviolet-rays 
aligner, an X-ray aligner, an electron beam machine, a KrF excimer aligner, an ArF excimer aligner, and 
F2. The equipment which an excimer aligner etc. is used and especially makes an ArF excimer laser the 
exposure light source by this invention is desirable. BEKU after exposure is performed in order to 
diffuse in the film the purpose which produces the desorption of the protective group which makes an 
acid a catalyst, the purpose which vanishes a standing wave, an acid generator, etc. BEKU after this 
exposure can be performed like previous prebaking. For example, about 60-160 degrees C of baking 
temperature are about 90-150 degrees C preferably. 

[0061] As a developer of the photosensitive constituent of this invention, a sodium hydroxide, a 
potassium hydroxide, Inorganic alkali, such as a sodium carbonate, a sodium silicate, and aqueous 
ammonia Primary amine, such as ethylamine and n propylamine, diethylamine, The 3rd amines, such as 
the 2nd amines, such as G n butylamine, triethylamine, and methyl diethylamine, Alcoholic amines, 
such as dimethylethanolamine and triethanolamine, Tetramethylammonium hydroxide (TMAH), 
hydroxylation tetraethylammonium (TEAH), Trimethyl hydroxymethyl ammonium hydroxide, triethyl 
hydroxymethyl ammonium hydroxide, Quarternary ammonium salt, such as 

trimethylhydroxyethylammonium hydroxide, Alkali water solutions, such as annular amines, such as a 
pyrrole, piperidine, 1, 8-diazabicyclo-[5, 4, 0]-7-undecene, 1, and 5-diazabicyclo-[4, 3, 0]-5-nonane, can 
be used. 

[0062] Furthermore, even if it carries out suitable amount addition of the organic solvents and the 
Nonion systems of a hydrophilic property, such as alcohols and ketones, an anionic detergent and a 
cationic surfactant, the defoaming agent, etc., it can be used for the alkaline above-mentioned water 
solution. These additives raise adhesion with a substrate besides the purpose which raises the engine 
performance of a resist, reduce the amount of the developer used, or do so an operation of reducing the 
defect resulting from the air bubbles at the time of development. 
[0063] 

[Example] Although an example including a synthetic example explains this invention to a detail further 
hereafter, thereby, this invention is not limited. 

[Synthetic example 1] The above mentioned monomer (b-1) lOg was added in toluene, Irgacurel84 
[ 0.2g ] was added there, it agitated under the mercury-vapor lamp exposure for 7 hours, and the 
polymerization was performed. The residual monomer was separated by the reprecipitating method and 
polymer fine particles were obtained from the obtained polymer solution. The molecular weight of the 
polymer obtained by carrying out a vacuum drying was 7300 in weight average molecular weight. 
(Polymer A-l) 
[0064] 

[Formula 10] 



http ://www4 . ipdl .ncipi . go jp/cgi-bin/tran_web_cgi_ej j e 



11/10/2005 



JP,2000-098614,A [DETAILED DESCRIPTION] 



Page 15 of 17 



A-l 

OCHjCOOtBu 

[0065] [Synthetic example 2] The polymerization reaction was performed like the above-mentioned 
synthetic example 1 using the above mentioned monomer (b-2) lOg. After reprecipitation refined this, 
the fine-particles polymer was obtained. The molecular weight of the polymer obtained by carrying out a 
vacuum drying was 8700 in weight average molecular weight. 

^Po.lymeEA-2) 

[0066] 
[Formula 1 1 ] 

A-2 

OCHjCOOtBu 
OCHgCOOtBu 

[0067] [Synthetic example 3] After it carried out the polymerization of the above mentioned monomer 
(b-6) lOg like the above-mentioned synthetic example 1 and reprecipitation refined, the fine-particles 
polymer was obtained. The molecular weight of the polymer obtained by carrying out a vacuum drying 
was 6200 in weight average molecular weight. (Polymer A-7) 
[0068] 

[Formula 12] 




A-7 

H 

OCHaCOO-C-OEt 
Me 

[0069] [Synthetic example 4] After it carried out the polymerization of the above mentioned monomer 
(b-10) lOg like the above-mentioned synthetic example 1 and reprecipitation refined, the fine-particles 
polymer was obtained. The molecular weight of the polymer obtained by carrying out a vacuum drying 
was 7900 in weight average molecular weight. (Polymer A-13) 
[0070] 
[Formula 13] 




A-13 
OCHgCOOtBu 

[0071] [The synthetic example 5] 

Reflux processing of 12.27g (0.03 mols) of synthetic cholic acid of the acidolysis nature low molecular 
weight compound a and the thionyl chloride 12ml mixture was carried out for 1 hour. Superfluous 
thionyl chloride was removed, the obtained solid-state was melted to tetrahydrofuran 15ml, potassium-t- 
aconite tuber TOKISHIDO 4g (0.035 mols) was added gradually, it flowed back for 6 hours, and it 
cooled and, subsequently to underwater, the reaction mixture was poured in. The obtained solid-state 
objects were filtered and collected, and it washed with water, and dried under reduced pressure. This 
purification object is recrystallized in n-hexane and it is cholic acid-t-butyl (the following formula) at 
74% of yield. It obtained. 
[0072] 

[Formula 14] 
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CH 3 




H 



[0073] [The synthetic example 6] 
Jfccompo^ 

polymerization object of the norbornene derivative indicated to the 4th example of the indication to 

synthetic (example of a comparison) JP,9-244247,A of Polymer C ] in EPO No. 789278. 

[0074] [Image evaluation] The photosensitive constituent of this invention of the examples 1-7 of a 

formula shown in the following table 1 was filtered with the 0.1 -micrometer Teflon filter. It applied to 

homogeneity, stoving of this was carried out on the hot plate for 90 seconds at 120 degrees C, and the 

0.57-micrometer resist film was made to form on the silicon substrate which carried out 

hexamethyldisilazane treatment of this filtrate using the SUBIN coating machine. In addition, the 

structure expression of the photo-oxide generating agent made to contain in a constituent is shown 

below. 

[0075] 

[Table 1] 
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Solvent S-l: Propylene-glycol-monomethyl-ether acetate [0076] 
[Formula 15] 
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OgS-CFs 



PAG-1 



"O3S— CF 3 PAG-2 



[0077] It exposed with ArF excimer laser light through the mask to this resist film, and after exposure, 
immediately, after heating this on the hot plate for 90 seconds at 1 10 degrees C and developing 
negatives for 60 seconds at 23 degrees C with 2.38% of tetramethylammonium hydroxide water solution 
subsequently, with pure water, the rinse was performed for 30 seconds and it dried. The pattern obtained 
by the above-mentioned processing was observed with the scanning electron microscope, and adhesion 
with sensibility, a profile, marginal resolution, and a substrate was investigated. The result is shown in 
Table 2. Sensibility was expressed with the light exposure reproducing a 0.30-micrometer mask pattern. 
Marginal resolution was defined with the marginal resolution in the light exposure reproducing a 0.30- 
micrometer mask pattern. Adhesion investigated the number of peeling of investigation and a pattern per 
adhesion of 30 0.20-micrometer dot patterns. 
[0078] 
[Table 2] 
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[0079] The resist constituent using the polymer of this invention was excellent in sensibility and 
resolution, and the rectangle all profile was formed so that clearly from the result of Table 2. Moreover, 
as for peeling of a pattern, one was not seen and adhesion did not have a problem, either. 
[0080] 

[Effect of the Invention] This invention can form the resist pattern with which the exfoliation from a 
substrate does not take place, and can offer the positive type photosensitivity constituent equipped with 
standard developer fitness while it has high sensibility and resolving power to deep ultraviolet, 
especially ArF excimer laser light and a resist profile is excellent. For this reason, it is possible to use 
effective in formation of a detailed pattern required for semiconductor device manufacture, and it is size 
very much the place which contributes to this kind of technique. 



[Translation done.] 
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